These ova were immediately transferred into the upper end of the fallopian tube of a Belgian hare doe rabbit which had been fertilized three hours before by a buck of the same breed as herself.
It may be well to mention here, I bought this Belgian hare doe some three months before; the man from whom I bought her bred her, and guaranteed her to be a virgin doe of about seven months old. During the time I had her, until the 27th April, she had never been covered by a buck of any breed, being kept always isolated from the various bucks in my rabbitry.
In due course this Belgian hare doe gave birth to six young -four of these resembled herself and her mate, while two of them were undoubted Angoras. The Angora young were characterised by the possession of the long silky hair peculiar to the breed, and were true albinoes, like their Angora parents. Both presumed Angora offspring were males.
Heape was particularly concerned about establishing the parentage of the Angoras. In support of his claim he emphasized that a characteristic of all Angoras, swaying of the head from side to side, was observed in both the parents of the transferred embryos and the Angora offspring. He further stated that there was no sign of Belgian hare traits in the Angora young and that the Belgian hare young showed no likeness to their two foster-brothers. It is clear that Heape was unknowingly relying on the use of genetic markers. However, we should recall that this technique was not explicitly understood until 1909, when Castle and Phillips introduced it to study the effects of ovarian transplantation (Castle & Phillips, 1909) .
The details of Heape's operative procedure, which are not given in his 1890 paper, but in the 1897 paper, are of interest, since the transfer was done without placing the embryos in any foreign environment such as serum or a physiological saline during the transfer process. It must be remembered that the first mammalian physiological saline was not introduced until 1901, by Locke (Locke, 1901 ). The technique is described as follows:
The Belgian Hare doe is put under anaesthetic and stretched out on her stomach. A longitudinal incision, 2 in. long, is then made through the skin at a place 1-5 to 3-5 in. from the anterior end of the pelvis, and on a level with the ventral border of the lumbar muscles. A smaller incision is then made through the body-wall just ventral to the lumbar muscles, and the anterior end of the fallopian tube is readily found and pulled out through the opening with the help of a pair of forceps. The foreign ova are then taken out of their maternal fallopian tube on the point of a spear-headed needle, the foster mother's infundibulum is held open with a pair of forceps and the ova placed well within the anterior end of her fallopian tube; after pushing the latter gently back again and washing with some antiseptic solution, the wound is sewn up and dressed with colloidin and cotton-wool.
The technique for the recovery of embryos from the donor fallopian tube is identical to that used to remove ova from freshly isolated oviducts, which was taught to students in the laboratory course given in the Morphological Laboratory at Cambridge, England (Foster & Balfour, 1883) . The practical schedule describes the recovery and handling of the ova as follows:
With the aid of a lens it is frequently possible to distinguish the ovum or ova, through the wall of the oviduct. In this case cut a transverse slit into the lumen of the duct with a fine pair of scissors a little to one side of an ovum; press with a needle upon the oviduct on the other side of the ovum, which will glide out through the slit, and can be with ease transported upon the point of a small scalpel, or what is better spear-headed needle. In case the ovum cannot be distinguished in the oviduct by superficial observation, the latter must be slit up with a fine pair of scissors, when it will easily be seen with the aid of an ordinary dissecting lens.
Heape probably taught in this course, for in 1882 he was appointed Demonstrator to assist in the teaching of animal morphology (Cambridge University Reporter, 1883).
Heape's conclusion from his initial experiment is best summarized from a report of the initial work in his second paper:
The experiment seemed to me to show, as far as a single experiment could show, that a uterine foster-mother has no power of modifying the breed of her foster-children, and that her uterus during gestation and the nourishment she supplies to the embryo is analogous to a bed of soil with its various nutrient constituents. 1879-86 and 1891-1906. In the interval between these periods, Heape went on an extended journey to the East including India (Heape, 1887c (Heape, , 1894 . It was soon after his return from India that the first embryo transfer experiments were done, a period when Walter Heape was working not at Cambridge, but in Manchester at a laboratory in his home (Heape & Heape, 1905 (Heape, 1897c) , there is no evidence of which I am aware that he at any time saw a practical application of embryo transfer. There is a suggestion, however, that he saw its potential in research on the analysis of the mechanisms of heredity. Four months after the first experiment, Heape wrote in his application for the Balfour Studentship (Heape, 1890c):
The success of this experiment, the first of its kind I believe, inclines me to believe that a new field of enquiry is thus opened to the student of problems connected with heredity. The second and third questions need to be considered in terms of the biological debates of the time. The second half of the nineteenth century was a golden age in the biological sciences (see Jacob, 1982 , for a review). It was a time when important theories were promulgated, in particular the theories of evolution, natural selection, and the continuity of the germ plasm. In the fields of growth and reproduction, exciting discoveries were made, such as the nature of fertilization and the existence of chromosomes and their behaviour in cell division. It was a time when a major schism occurred between those who thought that biology could only advance by the interpretation of natural history and animal morphology and those who saw the future in the application of the experimental method. It was also a time of controversy during which Darwinism underwent an eclipse (Bowler, 1983 (Bowler, , 1989 . Among these controversies were arguments about the mechanisms of heredity and whether inherited characters can be acquired.
In 1868, Darwin had announced his 'provisional hypothesis of pangenesis' to explain inheri¬ tance. This complex hypothesis consisted of two main parts (Mayr, 1982 (Galton, 1871) . In these experiments, the blood of one breed of rabbit was partially replaced by that of another breed. The recipient female was then mated to a buck of the same breed as herself. No characteristics of the donor animal were found in the offspring.
In 1874, a young Cambridge physiologist, George Romanes, began a series of experiments under the guidance of Charles Darwin using plants and animals to test whether acquired characters could be inherited. The experiments lasted several years but, because they failed, were not described until several years after Romanes' death (Romanes, 1895 (Simpson, 1967; Bowler, 1983 (Bowler, 1983) . In particular, he discussed the suggestion that isolation led to variation between individuals and eventually to speciation, as expounded by Dixon (1885) , and the notion of physiological selection as proposed by Romanes (1886 (Weismann, 1893) . This belief was common folklore among animal breeders and, before the introduction of the word telegony, was called 'infection of the germ', 'foetal inoculation' or 'saturation' (Burkhardt, 1979 Spencer. Romanes (1899) , who critically reviewed the Weismann/Spencer controversy, had some doubts about the existence of telegony, for he frequently qualified his remarks with the caveat 'should telegony be proved'.
In 1891, Romanes challenged Weismann for not discussing telegony when he proposed his theory of the continuity of the germ plasm (Romanes, 1899 Penycuik experiments (Ewart, 1899) . There is no doubt that later Heape dismissed a physiological explanation of telegony, since he also rejected a similar explanation for maternal impressions, another related, doubtful phenomenon of heredity (Heape, 1913 (Haldane, 1924 (Huxley, 1932) . This was 2 years after Pincus reported his attempts in Cambridge to transfer rabbit embryos after in-vitro fertilization (Pincus, 1930; see Biggers, 1984 , for a review). Soon after, embryo transfer began to be used as a tool in both basic science and animal science (Adams, 1982) .
Other interests in reproductive biology
By focusing on Heape's embryo transfer experiments we should not conclude that this work was his main contribution. In fact, he made four other important contributions to reproductive biology: (i) the first detailed description of the uterine changes during the menstrual cycle in non-human primates (common langur and rhesus macaque: Heape, 1894 Heape, , 1897b ;
(ii) the formal description of reproductive cycles, including the language we use today to describe the oestrous cycle (Heape, 1900);  (iii) the epidemiology of infertility in farm animals, particularly sheep (Heape, 1899a, b) ; and (iv) the discovery of nonspontaneous ovulation (Heape, 1905) .
He also wrote extensively on the control of the sex ratio, but his contributions in this area are not particularly noteworthy (Heape, 1907 (Heape, , 1909 (Geison, 1978 (Punnett, 1928) , and Henry Osborn, who later would become Director of the Museum of Natural History in New York (Osborn, 1883 (Foster & Sedgwick, 1885 (Balfour, 1881-82) and the early development of the European mole (Heape, 1881 (Heape, , 1883 (Heape, , 1886 . The early embryos of the mole must have been hard to collect, because the animals have a very short breeding season and could not be bred in captivity. The species was chosen because insectivores were considered representatives of a primitive type.
Heape's work must have been severely interrupted because of the untimely death in 1882 of
Balfour, who fell to his death on a mountain in Switzerland at the age of 32 years (Foster, 1882 (Sedgwick, 1909) . It seems that Walter Heape also lost interest in this field, for he became involved with the newly formed Marine Biological Association at about this time.
The main priority of the Marine Biological Association was to raise money for a laboratory like the Stazione Zoologica in Naples to undertake the study of marine organisms. The justification for building the laboratory was to provide a scientific basis for improving the efficiency of the British fishing industry. Heape first became a fund raiser. The Minute Book of the Marine Biological Association (1885) (Heape, 1887b) . The
Council also instructed Heape to conduct surveys of the fauna and flora in the waters near Plymouth, which he did thoroughly, as shown by the papers he published (Heape, 1887c, d (Dohrn, 1886 (Heape, 1890c) . During this time he decided to focus on the early development of the monkey and applied for a Royal Society Grant-in-Aid (Heape, 1890b) (Heape, 1898) .
Another important observation was made by Heape after he returned from India. In studies on rabbit breeding that he began in Cambridge in 1894 he noted that 'heat' alone was not sufficient to cause ovulation in virgin rabbits, but that, 9-5-11 h after copulation, ovulation invariably took place. In investigating this phenomenon Heape became interested in artificial insemination. As a result, he reviewed the subject in a paper published in the Proceedings of the Royal Society (Heape, 1897c) . One reviewer of this paper was Francis Galton. His comments are preserved in the archives of the Royal Society (Galton, Heape's encounter with artificial insemination marked the beginning of a major interest in animal breeding and the contribution that science could make to its improvement (Heape, 1906 (Darwin, 1868) .
A strong case can be made that Heape's studies of the breeding efficiency of sheep, with his work on the menstruation of primates, finally led to what is, I believe, his most important paper. This paper, published in 1900 in the Quarterly Journal of Microscopic Science, was entitled 'The "sexual season" in mammals and the relation of the "pro-oestrum" to menstruation'. In this paper, Walter Heape introduced the language we use today to describe the several reproductive cycles.
The words oestrum, proestrum, metoestrum, dioestrum and anoestrum were all introduced in this paper. His systematization of the subject rested solely on the interpretation of the natural history of reproduction in many mammalian species. Heape's terminology was immediately adopted by Marshall at the University of Edinburgh, another father of mammalian reproductive biology, in his classic descriptions of the oestrous cycle of sheep (Marshall, 1903) , ferret (Marshall, 1904) and dog (Marshall & Jolly, 1906 
